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GEAR MANUFACTURE. 
By F. WHITELEY. 


CHAPTER I. 
WORM GEAR. 
DETAIL DESIGN. 


In the design of worm gearing two entirely different types have 
to be considered, viz. :— 


(1) Ordinary worm gearing 

(2) Module system of worm gearing 
the first being generally used for applications, in which the principal 
requirement is a high ratio of reduction, and where efficiency and 
load carrying capacity are not the most important considerations, 
as, for example, feed drives in machine tools. 


The second type is used when greater efficiency is required for 
high speed drives, and where the load carrying capacity is of 
primary importance, as is the case for automobile rear axle drives, 
and spindle drives for machine tools, etc. , 


Both types, however, embody a parallel type of worm and 
constitute a direct development of the simple screw, the only 
difference between the two types being found in the form of thread, 
and thread proportions. 

Ordinary worm gearing is based upon the analogy between a 
screw worm and wheel, and a spur rack and pinion, and forms a 
convenient basis for fixing the tooth proportions, as shown in Fig. 1. 

The worm is made straight sided on the axial section, the pressure 
angle on this section being dependent on the number of teeth in 
the wheel, and to prevent undercutting of the wheel flanks, the 
minimum number of teeth 

9 


sin? oa 
when T minimum number of teeth in worm wheel. 
ha axial pressure angle of worm. 


As a general guide, however, and for worm gears of standard 
proportions with helix angles of not more than 20° the design 
should satisfy the following conditions :— 


T = 


I Il 
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32 teeth and over %, = 144° pressure angle. 
30), OO, Yr = 15° si 
| ae wb, = 20° ; FF 
| ‘i » 


The tooth proportions for this type of worm gearing are based 
on the circular pitch standard, due to the fact that in the past the 
majority of worms were produced on a centre lathe in the same 
manner as used for a screw, and given below is the notation and 
formula for gears running at standard centre distances. 


When the helix angle is greater than 20°, however, it is 
advisable to revert to the module system for the detail design, 
although some designers favour the practice of making the 
addendum and dedendum of both worm and wheel in terms of the 
normal pitch, and the normal pressure angle in accordance with 
the angles specified above. This latter practice is not to be 
recommended, however, as it is likely to create difficulties in 
manufacture. 


p = axial pitch of worm and circular pitch of worm wheel. 
a = addendum of worm. 

A =. throat addendum of wheel. 

b = dedendum of worm. 

B =  dedendum of wheel. 

d = pitch circle diameter of worm. 

D = pitch circle diameter of wheel. 

j = outside diameter of worm. 

J =. throat diameter of wheel. 

O = overall diameter of wheel. 

C = centre distance. 

G = throat or gorge radius of wheel. 

Fp = face width of worm. 

Iw = face width of wheel. 

@ = helix angle of worm thread. 

px = normal pitch of worm. 

L = lead of worm. 

t, = normal thickness of worm thread. 

fz = axial thickness of worm thread. 

y, = axial pressure angle of worm thread. 
w, = normal pressure angle of worm thread. 
T = number of teeth in wheel. 

t = number of threads or starts in worm. 
R= ratio. 

a, = chordal addendum of worm thread normal plane. 


te = chordal thickness of worm thread normal plane. 
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Dimension Particulars 
Required Given Formula 

2C 

d approx.) C, R and.@ 1+R tan 8 

D (nominal)* C and d 2C --d 

D (actual) p and T pT | a 

p D and T a DT 

Did : 

C D and d a 

L pf and t pt 

tan 6 d and L L/ad 

Pn p and @ p cos 0 

“a or A pb 0-3183p 

6 or B p 0-3683p 

a Pu \ if 6 031834, 

b Pu exceeds 20° 0-3683),, 

q d and a d + 2a 

J D and A D + 2A 

O D and A D + 3A 

lp p 4p 

Fy (Max) d and a 2Va?+da 

R T and ¢ T/t 


*D (nominal) and D (actual) are identical when centres are standard, if 
centres are increased D (nominal) must be used for all calculations. 


Another method which can be used to eliminate undercutting 
of the wheel flanks is to increase the centres slightly by an amount 
“e”’ as shown in Fig. 2, but care should be taken to ensure that the 
increase is not excessive, or the crests of the wheel teeth may become 


too pointed. 


The position of the worm pitch line is determined only by the 
position of the pitch circle diameter of the wheel. If, therefore, the 
centre distance of the gears is increased keeping all the dimensions 
of the worm the same, the position of the worm pitch line is brought 
nearer to the crest of the worm threads, and the worm addendum 
thereby reduced. 


In making any calculations, however, in connection with 
increased centre distance gearing it will be found convenient to 
base the detail dimensions of the wormwheel on the nominal pitch 
circle diameter, which, as previously stated for a worm wheel 
meshing at a standard centre distance is equal to 


D = 2C—d 
whereas for extended centre distance worm gearing the actual 
pitch circle diameter is equal to 
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Da = Tp/z. 
and of the worm da = 2C —D, 


The actual addendum of the worm measured from the actual 
pitch diameter d, should not exceed 


D, sin? x, 
2 


therefore the distance must be extended to avoid undercutting by 
an amount equal to 


a = 


D, sin? 
aio a 
when a = 0-3183p 
F d+Da, 
from which C = ~~ + @ 


thus the nominal pitch circle diameter of the wheel from which 
the blank dimensions are calculated will be 
D =D, + 2e 

In well balanced design of worm gearing, the gears should havc 
an equal margin of safety to withstand the breaking stress on the 
worm wheel teeth, the surface pressure on the teeth, and the 
bending stress on the wormshaft. 

At the same time the wormshaft should be sufficiently stiff to 
avoid serious deflection, but if made larger than is necessary, this 
will lead to increased sliding velocity and reduced efficiency. 

The number of teeth in the wormwheel again depends upon the 
conditions of loading, and in many industrial drives, for example, 
the rating of worm gears is determined not by the strength of the 
gears themselves, but by the ability of the housing to radiate the 
heat generated by friction. . 

The pitch will then be smaller and the general design lighter 
than is the case for gears of similar centre distance, and ratio, 
which, through auxiliary cooling or intermittent loading, may be 
called upon to transmit the maximum possible power. 

Bearing in mind these various factors the following tables may 
be used for industrial drives only, as a guide in selecting the pitch 
diameter of the worm, and the number of teeth in the wormwhecl. 


C dad T C a T C d T 
3°15 26 9 30 43 30. 64 71 
4 18 30 10 3-2 45 35 7:0 76 
5 21 33 12 36 48 40 7-8 80 
6 23 36 15 4-1 53 60 10-0 95 
7 25 38 20 5-0 60 


2-8 40 25 5-7 66 
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The number of threads in the worm is found by dividing the 
approximate number of teeth in the wheel T by the ratio R required. 

There will usually be various alternatives some giving a larger, 
and others a smaller number of teeth in the wheel than that assumed 
for the preliminary design. 

The final choice will, however, depend upon whether the gears 
are likely to be heavily stressed, and also bearing in mind that 
there should be no common factors between the number of threads 
in the worm and the number of teeth in the wheel. 


Example. 


To find the centre distance and wheel blank dimensions for a 
single start worm 2-500 inches pitch diameter 0-75 inches axial 
pitch, 15° axial pressure angle, 0-239 addendum, 0-276 dedendum, 
and meshing with an 18 tooth wormwheel, we proceed as follows :— 


Actual wheel pitch diameter. 


Tp 18 x 0-75 
D = OT = a = sO O4297 
7 3-1416 
To avoid undercutting of wheel tooth flanks, actual worm 
addendum must not exceed 
in 2 ‘ in 215° 
a = es AMT San = 014s 


(eon 


Increase in centre distance ‘‘e 
= a—d, = 0:239—0-144 = 0-095 


d ‘ é 
he a + Da aa x 2-500 + 4-297 + 0-095 
2 3 
= 3-493 
D = Dy + 2 
= 4-297 +2 x 0:095 = 4-487 
andJ = D + 2A = 4-487 + 2 x 0-239 = 4-965 
O = D+ 3A = 4-487 +3 x 0:239 = 5-204 
Fy = 2V@+da = 20-2392 +2-500 x 0-239 


= 1-618 say 1-625 
and for the worm 
j = ad + 2a = 2:500 + 2 x 0:239 = 2-978 
Fp = 4p= 4 x 0:75 = 3-000 


Vernier Settings. 


Vernier settings are usually only calculated for the worm, a 
suitable hob or fly hob being made to cut the wheel, this hob being 
set at correct cutting centres depending upon the hob diameter, 
after which the wheel is checked with the worm at correct running 
centres for backlash, etc. 

c 


12 GEAR MANUFACITURE—BOOK 5 


Then for worm 


@ = chordal addendum 
t= chordal thickness 
and a, = a (for helix angles up to 20°) 
0-750 
CQ=Lad = — ——_. = §° = 27’ 
isk Se i 3-1416 x 2-500 ° 
then a, = 0-239 
t = pn/2 — total backlash 
when fp = ~Pcos@ =: 0-75 x 0-99548 
= 0-7466 
0-7466 
——— a — total backlash 


= 0-343 — total backlash 


The normal tooth thickness of the hob used to cut the wheel 
should then be made equal to #,/2 as all the backlash has been 
deducted from the worm thickness. 

The total backlash allowed should be the same as that specified 
for spur gears in Book 2, Chapter 1. 

The gorge or throat radius required on the centre of the wheel 
face is produced by the hob used for cutting the wheel teeth, but 
if a fly hob is used for cutting it is then necessary to machine this 
radius on the lathe, and in this case G must be calculated. 


G = C-—J/2 and in example 
4-965 
G = 3-493 — —. = 1011 


Module System. 


The second type of worm gearing to be considered is the module 
system, and this differs from the first type only as far as the form 
of thread and tooth proportions are concerned. 

A worm of this type can, in fact, be likened to a spiral gear 
produced by the generating method as both are of involute tooth 
form on the transverse section, due to the fact that the tooth 
surfaces of both are produced from a normal basic rack. 

Where, however, the tooth proportions of a spiral gear are made 
standard in terms of the normal diametral pitch, the module system 
worm tooth proportions are based primarily on the module of the 
worm in inches, but slight variations may be required depending 
upon the number of teeth in the worm wheel. 

The module system is used, however, in an endeavour to limit 
the number of worms (and thereby the number of hobs used for 
cutting the wormwheels) which may ultimately be made, and in 
addition to having certain advantages over the circular pitch 
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system, is also free from recurring decimals, usually met with 
when calculating the pitch diameters associated with many 
diametral pitches. 

The module, in the case of a worm wheel is simply the pitch 
diameter divided by the number of teeth, and conversely the 
pitch diameter is equal to the number of teeth multiplied by the 
module. 

This system has been adopted by the British Standards 
Institution in their specification No. 721—1937, and offers a con- 
venient means of standardisation, as the actual pitch diameter of 
the wheel and the nominal pitch diameter of the worm are made 
exact multiples of the module. 

To obtain the worm pitch diameter a diameter quotient denoted 
by the symbol g is introduced from which worms are standardised, 
each being completely defined by :— 


(a) the number of threads or starts. 

(6) the module in inches (chosen from a standard range). 

(c) the number of modules in the worm pitch diameter 
(termed the diameter quotient q). 


-\ll worms, therefore, having the same number of starts and the 
same value of g are then geometrically similar, and their respective 
dimensions are directly proportional to the module selected. 

In other words the nominal worm pitch diameter is simply equal 
to g times the module, z.e., the nominal worm pitch diameter is 
equal to that of a spur gear or worm wheel of the same module 
pitch and having q teeth. 

By this method the lead angle of the worm is also standardised, 
but in a manner which completely eliminates angular measurements 
(apart from the pressure angle) from the calculations. 

The values of g which are best adapted to ordinary practice 
are found to range for purposes of standardisation from 6 to 10 
inclusive, values below and above this range being used only in 
special cases. 

For each pitch or module and number of threads it is possible 
to have five dimensionally different worm forms, thus for worms 
of one to five threads inclusive the total number of different worms 
would be equal to 25 for each pitch per hand. 


Should the range be extended to include worms up to 10 threads 
the total number of worms it would be possible to obtain is 40, 
since g should be less in value than ¢, but when selecting the value 
for g it should be higher for a slow speed heavily loaded gear than 
for one running at a high speed and only lightly loaded. 

In order, however, to take the fullest advantage of the pos- 
sibility of reducing to a minimum the number of hobs by using a 
series of standard worm forms the number of modules should also 
be reduced to a minimum. 
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In some designs, the centre distance, numbers of teeth, and 
pitch diameters are so closely restricted, especially in cases where 
an existing drive is being replaced by a different ratio, that a 
module pitch which is a multiple of 0-1 or even 0-05 inches cannot 
be used. 

Owing to the flexibility of centres of a worm gear, however, 
a standard integral value of g can almost invariably be worked in, 
together with a module pitch which is multiple of 0-025 inches. 

In extreme cases, however, it is more important to use a whole 
number for g than use a standard module, and a list of modules 
which can be regarded as standard is given below :— 

from 0-1 to 0-2 in increments of 0-025 


» 02 to 05 ,, 33 » 0:05 
» 05 to 08 ,, 5 » 0-10 
» 1:0 to 2-0 ,, 5 », 0°25 


Whatever value of g is selected, whole number or otherwise, 
and given the centre distance, the module may then be found from 


2¢ 
M = when 
T+q 
M = module in inches 
C = centre distance 
T = number of teeth in wormwheel 


g = diameter quotient 
and a standard value of M can usually be brought in by the 
adjustment of either the centre distance or the value of q. 

If, however, values for T, g and M are given or assumed the. 
centre distance can then be found from 


M (T +q) 
2 
which will be recognised as the same formula as was used for 


calculating the centre distance of a pair of spur gears using the 
module system, g being substituted for the number of teeth in the 
pinion. ; ; 

To define the proportions of the worm, the designation ¢/¢/M 
is used and this value should be stamped or etched on the worm 
when 


i: 235 


t = number of threads or starts in worm 
g = diameter quotient 
M = module 


It is also advisable to stamp similar particulars on the worm 
wheel, in this case the number of teeth being added, viz. :— 


+ lai™ 


when T = number of teeth in the wormwheel. 
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To restrict the number of worms still further it is recommended 
that right-hand worms should be used wherever possible, and thus 
increase the utility of any hobs previously made in accordance 
with the system. 


Tooth Proportions. 


A constant worm addendum is used throughout and this enables 
a quick check to be made on the outside diameter of the worm, 
and also facilitates the calculation of g when the overall diameter 
is limited. 
The worm addendum is made equal to the module then 
a= M 


and as the whole depth of tooth varies according to the lead angle, 
this produces varying proportions of addendum to dedendum, for 
as the lead angle increases for a given module, the dedendum of 
the worm diminishes, but the addendum remains the same. 


then b = 22M,—a 
when M, = M cos @ 
and M = module 
6 = lead or helix angle 
a = worm addendum 
b = worm dedendum 
ora +6 = 22M, 


The normal tooth thickness is also based on the normal module 
but as the axial tooth thickness is made one-half the axial pitch 
at the mean depth (including clearance). 


tan On = ue when dm = 12 + (7-1) and é, 
dm 7 2 
aM 
2 cos 4, 

when L = lead 

M = module 

6m = helix angle at mean depth 

t, = normal tooth thickness at mean depth 

Fi = outside diameter 

L = root diameter 

dm = pitch diameter at mean depth 


Pressure Angle. 


It has been previously stated that the tooth surfaces of the 
worm thread are generated in the same way as is used for a spiral 
gear, and in the system a normal basic rack having a pressure angle 
of 20° is used as standard. 
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Before, however, this pressure angle can be definitely established 
the design should satisfy the following conditions :— 

1. The base diameter should not exceed the root diameter 
plus twice the clearance, and if this is the case it is then 
necessary to increase the basic normal pressure angle 
accordingly. 

If therefore the base diameter exceeds the root diameter plus 
twice the clearance the base diameter is made equal to 


do = t+ 25 

and cos % = = ee 

d 
the new value for the basic normal pressure angle 

tan , = tan % sin 6 

when d, = base diameter of worm 
1 = root diameter of worm 
c = clearance 
yt = transverse pressure angle of worm 
d = pitch diameter of worm 


basic normal pressure angle of worm 
helix angle of worm 


2. For worms having large helix angles meshing with worm- 
wheels having small numbers of teeth, it may be necessary 
to increase both the root and base diameters in order to 
avoid too small a crest and root space widths, or the base 
and root diameters must be greater than the standard 
value given by «7 = d — 2b, with the base diamcter 
d, = 2c +1. 

The sum of the worm crest and root space widths on the axial 
section should not be made less than 1-25M, therefore to satisfy 
this condition, and referring to Fig. 3, 


thy 
6 


iH 


» (7—1-25) M should be greater than L inv. 
. T 
when M = module 
L = lead of worm 
%, = transverse pressure angle of worm on outside 
diameter. 
7 = outside diameter of worm 
d, = base diameter of worm 


inv. #, being an involute function of the angle %,, which can be 
obtained from tables. 


L inv. ¢, 
27 
and root diameters should be increased to obtain a new value for y,, 


If the value 4 (7 — 1-25) M is less than the base 
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18 
-when cos %, = 4,/7 
and cos %& = 4d,jd 
from which tan #, = tan %& sin 0 
when transverse pressure angle 


n 


a 


Blank Dimensions of Worm. 
For the detail design of standard worms the following formula 


is used :— 
tan 6 


tol 


a 
b 


c 


Il 


Blank Dimensions of Wormwheel. 


{ 


tlq 


M 
M (2:2 cos 6-1) 


basic normal pressure angle 
helix or lead angle of worm 
pitch diameter of worm 


t = d—2b (Check worm crest 
and root widths) 


if. = 20° 

tan %, = tan pp, sec 0 
tan Bn 

t =- ——— 

aa he sin 6 

do = d cos & 


(Note—Value should not 
exceed 7 +2c) 
cos 6, = cos 8 cos wn 
Fp = 8M 
Note—Should the base diameter 
be altered new values will 
be required for #, and yr. 


A = M (2cos @—1) O = D+25A 
B = M (0-2 cos 6+1) F = 2MVq+1 
D = 20 —gM G «= C.je 
J 2 D fa 
I = D —2B 
when A = wheel addendum 

B = wheel dedendum 

D = nominal pitch diameter of wheel 

J = throat diameter of wheel 

I = root diameter of wheel 

O = overall diameter of wheel 

Fw = face width of wheel 

G = throat or gorge radius 
The terms used for both worm and wheel are indicated in 


Fig. 4. 
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OUTSIDE DIAMETER (J) 


PITCH DIAMETER 
GENERATING LINE AT ANGLE 


65 7 TRANSVERSE PLANE | 


FACE WIDTH (Fw) 


FIG. 4. DIAGRAM OF MODULE SYSTEM 
WORM AND WHEE: 


CENTRE DISTANCE (¢) 


PITCH DIAMETER (D) 
ROOT DIAMETER (1) 


THROAT DIAMETER (J. 
OVERALL DIAMETER (0 


Centre Distance Change. 


When calculating blank dimensions of both worm and wheel 
the calculations must be based on the xominal pitch diameters, the 
nominal pitch diameter of the worm being equal to 


qd = qM 
and the nominal pitch diameter of the wheel 
D = TM 
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the centre distance then being obtained from the formula 
(T +9) M 
2 

Should, however, it be found necessary to make a slight change 
in the centre distance in order to use standard values for g or M 
the actual or working pitch diameters will then differ from the 
nominal pitch diameters. 

In other words if no change is made in the centre distance from 
standard the nominal and actual pitch diameters will agree. 

A good rule to remember when finding nominal pitch diameters 


is to work from the worm, and to find actual pitch diameters work 
from the wheel, z.e., 


C 


@ (nominal) = gM 

D (nominal) = 2C —d (nominal) 
D (actual) = TM 

d@ (actual) = 2C — D (actual) 


The amount by which the centre distance can be departed from 
depends largely upon the number of teeth in the wheel, and the 
number of threads in the worm. 

For example if ¢ is small and T is less than 16 then undercutting 
may occur, but the number of teeth may be less than 16 with a 
larger number of threads, and a subsequent increase of lead angle. 

On the other hand an increase in centre distance when T is 
small may produce a narrow crest width on the wheel teeth at the 
point where the throat radius meets the overall diameter of the 
wormwheel, but if T exceeds 22 then a change in centre distance 
of + 0-25M (preferably plus) is usually permissible. 


Vernier Settings for Worm. 


Vernier settings are given for the worm only, the wheel being 
cut with a hob or fly hob corresponding to the worm at a specified 
centre distance. 

The worm tooth is measured with a pair of gear tooth verniers 
on the normal plane, but as the axial thread thickness is made 
equal to half the axial pitch at the mean full depth of tooth it is 
necessary to calculate the height and thickness setting on the 
normal plane at the mean full depth of tooth. 


Referring to Fig. 5 we have :— 
(j=?) 


da = i + “OL 


21 
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when d, = diameter on mean full depth of tooth 
Om = helix or lead angle at mean full depth of tooth 
1 = root diameter of worm 
7 = outside diameter of worm 
t = number of threads or starts 
M = module 
L = lead of worm 
aM 
then {, = e cos 6, — total backlash 
ant a =| —— din 
2 
when ft, = chordal thickness of worm tooth on normal 
lane 
a= chordal addendum of worm tooth 


Theoretically the above values should be corrected slightly 
due to the fact that the points of measurement are actually on an 
arc, the diameter of which is equal to :— 


din 


dy = ~ = when d, = pitch diameter of worm at mean 
sin® Om depth. 

Om = helix angle of worm at mean 
depth. 

d, = virtual pitch diameter of worm 


at mean depth. 

This diameter is generally so large that for all practical purposes 
it can be regarded as a straight line, but if however it is desired to 
calculate the corrections, they can be obtained in the same manner 
as described for spiral gears. 


Example. 


Given below are the calculations for a pair of module system 
gears 4/33 ratio to gear at 6:000 centres, the data obtained being 
neatly tabulated for both worm and wheel as shown in Figs.’6 and 
7, the calculations for the worm being given first. 


9x &6- 
fe 8 ww 2, = SE = cow 
T+q 33 +7 
Designation = 4/7/0-300R 
tan @ = tq = 4/7 = 0-57142 = 29° — 45’ 
a = M = 0-300 
b = M(2-2cos @—1) = 0-300 (2-2 x 0-86820—1) = 0-273 
c = 02M cos 6 = 0-2 x 0-300 x 0-86820 = 0-052 
d = qM =7 x 0300 = 2-100 
j = d+ 2a = 2100 + 2 x 0300 = 2-700 
a = ad—2b = 2-100 —2 x 0-273 = 1-554 
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At this stage the base diameter should be calculated on the 
basis of a normal pressure angle of 20°, and this diameter should 
not exceed (¢+2c) = 1:554+2x0-052 = 1-658 


tan Wa tan 20° 0-36397 
t gg I ag se OR. 3 
anh fe sin @ sin 29°—45’ 0-49622 0-73348 
= 36° — 15’ 
dg = 


d cos x = 2-100 x 080644 
= 1-693 


In this case the base diameter d, exceeds (i +2c) therefore d, 
must be made equal to (¢ + 2c). 


d, = 1658 
do 1-658 
cos f= “7 “ Be = 0-78952 
= 37° — 51’ 
tan f, = tan x sin 6 = 0:77708 x 0-49622 


= 038560 = 21°—05’ 
As a check on the crest and root widths 


do 1-658 
= = — = 0 
cos wy F 2700 61481 
= 52° — 03’ 
L a L inv. by 
& (a—1-25) M should be greater than oo 
: 7 


when L = Mat? 


inv. %, =  involute function of angle 7, from tables 
4 (31416 -- 1-25) 0-3 should be greater than 


0-300 x 3-1416 x 4 x 0:37380 
2x 3-1416 


or 0-28374 should be greater than 0-22428 ; 
and in this case the sum of the crest and root widths will not be 
less than 1:25 M. 


cos 8, = cos @cos % = cos 29°—45’ cos 21°—05’ 
= 0-86820 x 0-93306 
= 0-81008 
= 35° — 54’ 
Fp = 8M = 8 x 0:300 
= 2-400 
Vernier Settings of Worm. 
j—t ; —1-554 
a «fo 2S. 2 ie SO 


2 2 
= 2-127 
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tM 4 x 0-300 
tan 6, = —— = — 
din 2-127 
= 0-56417 
= 29° — 26’ 
aM 3-1416 x 0-300 
tf == — cos dnp = — Ss  ~ 087093 
2 2 
= 0-410 — 0-008 
— 0-012 
j—dn 2-700 — 2-127 
ae = = ———— | 
2 2 . | 
= 0-2865 | 


> 
i 
= 
S 
°Q 
B 
DS 
ue 


= 0-221 


or A = b—c = 0-273 — 0-052 
= 0-221 
B = M (0-2 cos 6+1) = 0-300 (0-2 x 0-86820 + 1) 
= 0-352 
or B = a+ 0-052 = 0-352 
D = 2C—qM = 2 x 6-000 —7 x 0-300 
= 12-00 — 2-100 
= 9-900 
JI = D+2A = 9-900 +2 x 0-221 
= 10-342 
I = D—2B = 9-900 —2 x 0:342 
= 9-196 
O = D+25A = 9-900 + 2:5 x 0:221 
= 10-452 
Fy = 2MVq+1 = 2 x 0300 V7+!1 
= 0-600 x 2-828 
= 1-6968 make 1-700 
G = €=jp = 6-000 — 5-171 


0-829 
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CHAPTER Il. 
WORM GEAR MANUFACTURE. 


Worm gear manufacture should be considered in two parts :— 


(1) the worm. 
(2) the wormwheel, 


there being a distinct difference between the two, as far as the 
material used, and the method of manufacture is concerned. Many 
combinations of materials may have been used in the past, but 
where continuous power transmission at relatively high speeds is 
required, the choice of materials can be narrowed down to hardened 
steel for the worm, and phosphor-bronze for the wheel. In first 
considering the production of the worm threads, however, three 
methods are used for cutting, in addition to grinding and polishing 
after hardening. The most common method is to use a disc type 
milling cutter (usually cam relieved) one thread being milled at a 
time. 

In addition, worms can be hobbed, in which case the worm is 
treated as a spiral gear, or alternatively the threads can be cut with 
a pinion type cutter, similar to the cutters used for spur gears 
produced by the gear shaper process. Pinion type cutters should 
only be used, however, for worms of low lead angles and when the 
thread form is straight sided on the axial section, ¢.g., for the 
ordinary type worms of low lead angle or for acme screw threads. 

When hobs are used for cutting worms the hob is made the 
same normal pitch as the worm to be cut, and the same basic 
normal pressure angle ; the hob then generates the correct tooth 
shape on the axial, and transverse planes as specified on the drawing. 

This method is only recommended for worms having very large 
helix angles, and which are in fact equivalent to spiral gears of 
special tooth proportions. For general worm production, however, 
it will be found that the milling method fulfils all requirements, 
and for this operation worm milling machines are available. The 
worm blank is held between centres or in a collect chuck, and 
roller steady, and is caused to advance spirally past a rotating 
cutter which is carried in an adjustable cutter head, the head being 
adjusted to an angle equal to the helix angle of the worm being cut. 

During this movement a thread space is milled, the feed being 
tripped on completion, after which the blank is returned to the 
starting point, indexed according to the number of threads to be 
cut, and the cycle repeated. 

The cutter form must correspond to the worm tooth space on 
the normal section, and for module system worms this form is 
obtained by generating a lead blank in the worm milling machine. 
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The lead blank conforms in every way to the size of the cutter 
desired and is mounted on the cutter spindle of the worm milling 
machine, the cutter head being set to the lead angle of the worm. 
In place of the worm, an arbor is used on which is secured a cutter 
blade, and when the arbor is traversed in a spiral of the desired 
lead it sweeps out a surface identical with that of the corresponding 
worm. 

The lead blank is then rotated at the cutting speed, and the 
cutting edge on the arbor traversed slowly past it with the result 
that the correct cutter profile on the lead blank is obtained. 
Gauges are then made from the shape produced for use when 
manufacturing the actual high speed steel cutter used to cut the 
worm threads. 

Another method is to first produce a master worm on the 
centre lathe or worm thread grinding machine from which the 
cutter gauges are made on a plane normal to the lead angle of the 
worm, 

When chasing the worm threads in the centre lathe the angle 
of the tool used is made equal to the base lead angle, while the top 
cutting edge of the tool is disposed above the axis of the worm by 
an amount equal to half the base circle radius. 

The normal chordal thickness of the cutter is made less than the 
finished normal chordal space width of the worm, if it is desired 
to grind the worm thread profiles, this allowance varying with the 


pitch of the worm, but 0-006 to 0-010 on each flank will be found 
satisfactory. 


For worms having large leads it is customary to mill the worm 
threads at a slightly shorter lead than that given on the finished 
drawing to allow for distortion in hardening, the amount by which 
the lead is shortened being 0-001 per inch of lead. 

After carburising and hardening, the outside diameter of the 
worm is ground finished drawing size, to a tolerance of at least 
0-003, and the worm threads ground on a worm thread grinding 
machine. 

_ This machine is very similar to the worm milling machine, a 
grinding wheel being used in place of the worm milling cutter, 
and an additional Swivel movement provided for the wheel head. 

The flat side of the wheel is used for module system worms, the 
wheel head swivelled round to the base lead angle, and the wheel 
spindle set to the helix angle of the worm. 

The flat side of the wheel is set in such a position that the flank 
of the worm thread is ground straight sided on the base cylinder 
of the worm, but a slight adjustment to the base angle setting is 
sometimes necessary to obtain the correct thread form. 

Change gears are provided to obtain the desired lead, and number 
of threads, on both milling and grinding machines, the formula 
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tor the change gear ratio being usually indicated on the change 
gear covers, although full instructions are given in the instruction 
book supplied with each machine. 


Wormwheels, 


Wormwheel teeth are cut on a specially designed hobbing 
machine using a full hob for large production or a fly hob for a 
small lot production. 

In both cases the hob tooth form is a facsimile of the worm 
tooth, the hob tooth being made a longer addendum to cut the 
clearance and a shorter dedendum if it is desired to cut the throat 
or gorge radius in the wormwheel blank when using a full hob. 


Two cutting methods can be used, namely :— 


(a) Radial feed. 
(0) Axial feed, 


the radial feed method as shown in Fig. 8 should only be used 
for wormwheels up to 6 to 8 degrees lead angle, or when the gear 
tooth form is not of extreme importance. In either case the hob 
should be set at the finishing operation, to the same centre distance 
as the worm and wheel when assembled, providing that the hob 
used is the same pitch circle diameter as the worm. When a new 
hob is used, however, this is made about 0-030 greater than the 


PARALLEL HOB 
RIGHT HAND OR 
LEFT HAND. 


DIRECTION 
OF FEED. 


WORMWHEEL BLANK. 


FIG. 8. RADIAL FEED METHOD OF 
CUTTING WORMWHEEL BLANK 
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worm, in this case the hob should be measured, and half the increase 
over nominal being added to the running centres to obtain the 
cutting centres. 


On some machines this increase in hob diameter is compensated 
for by a slight adjustment to the helix angle, therefore it is advisable 
to check the outside diameter and re-calculate the lead angle before 
using, or each time the hob has been re-sharpened, the calculations 
being made as follows :— 


let O, = outside diameter of hob 
D, = pitch diameter of hob 
D = pitch diameter of worm 
C = running centres of worm and wheel 
C. = cutting centres 
B =  dedendum of wheel and hob addendum 
9, = lead angle of hob 
L = lead of worm 


then after measuring hob to obtain value O,, we have 


D, = 0, =— 2B 
i 
and ta 0 = 
ee 7D. 
then CG = C + Dy —D 


A more accurate wormwheel tooth form can be obtained by 
using the axial or tangential feed method, as there is then no possible 
chance of cutting away part of the gear tooth flanks which are 
required on the finished tooth form. 


The hob is set at the correct cutting centres, and offset to an 
centre of the machine table as shown in Fig. 9, and fed past 


blank in an axial direction until the hob teeth clear the wheel tooth 
flanks. 


This method can be used for wormwheels of any lead angle, 
and is especially suitable when using fly hobs. 


Fly hobs differ from full hobs in that all but one or a few teeth 
are mounted as separate cutters in a suitable arbor. 


Fly hobs used for finishing need have only one cutter, but a 
a normal wormwheel meshing with a multiple thread worm it wi 
be necessary to index the hob at the end of each traverse. 


The axial feed method has a great advantage over the radial 
feed method, in so far that after each revolution of the tool 
different set of hob teeth is being used to cut the tooth flanks 0 
the wheel. 
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DIRECTION 
TAPER aioe HOB OF FEED 


A 


FIG. 9. AXIAL FEED METHOD OF 
CUTTING YWORMWHEEL BLANK. 


This means that the number of tooth positions which are used 
to make up the tooth profile of the wormwheel, depend only upon 
the rate of feed, and not upon the number of flutes or starts in the 
hob. 

Worm wheel blanks should be accurately turned, and located 
for cutting in the same bore or registers used for mounting in the 
gear casings in which they are to be used. 

Care should also be taken to cut the wormwheel teeth in correct 
relation to the end locating face, and in some cases it may be 
necessary to machine the blanks to closer limits than specified on 
the finished drawing, for this purpose. 

In other words the hob axis should be set when cutting, to the 
same position in relation to the end locating face as the worm axis 
when assembled in the casing, and when a machine is being used 
without any vertical adjustment on the hob spindle housing the 
fixture used for cutting has to be made a definite height from the 
base to the locating face. 

To overcome this difficulty for small lot production an adjust- 
able fixture is sometimes used, but it is found in practice that these 
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are not quite as rigid as solid fixtures, and it is more economical 
in the long run to use solid fixtures generally as shown in Fig. 10. 

In any case it is advisable to make a capacity layout chart for 
each machine installed for the purpose of designing suitable fixtures 
without having to refer, or measure, the machine each time a 
fixture is required. 

Should it be necessary to cut a wormwheel which is required 
to gear with a worm in which the number of teeth in the wheel and 
the number of threads in the worm will factorize, it is customary 
to use a hob having one or more threads, than the worm. 

Tor example, taking 12 x 36 ratio we should make the hob 
equivalent to 13 threads and as this increases the pitch diameter 
of the hob we have 


Dxt, 
Dy baad 
t 
Li = Pa x ty . 
when D, = pitch diameter of hob having #, threads 
D = pitch diameter of worm having ¢ threads 
t, = number of threads in hob 
t = number of threads in worm 
L, = lead of hob 
fa = axial pitch of worm 


It will be found that the helix angle 6 of the hob is the same as 
the worm, but as the hob is greater in diameter than the worm, 
the bedding will favour the centre of the wormwheel face in the 
initial stages. 

It is preferable, however, when designing worm gears to have 
no common factors between the number of teeth in the wheel and 
the number of threads in the worm. 


CHAPTER III. 
HOB DESIGN FOR SPUR, SPIRAL AND HELICAL GEARS. 


Before proceeding with the design of any hob, it is essential 
that full particulars are available of the machine to be used, and 
of the teeth to be cut. . 

The machine details can be obtained from the machine layout 
drawings previously mentioned or the specification supplied with 
the machine, and from this layout the following information is 
required :— 

(a) maximum hob diameter 
(6) diameter and keyway sizes of arbor used. 
(c) hob spindle sizes, if a shank hob is being used. 
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With regard to the tooth particulars, these may be taken from 
the table shown on the working drawing or if the gear to be cut 
has teeth of standard proportions the particulars can easily be 
calculated or taken from tables. 

It is preferable, however, to use the working drawing in every 
case, and thus enable the designer to check any clearances should 
it be necessary, especially in the case of cluster spur gears, or gears 
having shoulders, etc. 

The length of the hob is not important providing it is not too 
short, a good rule being to fix a minimum of two pitches and a 
maximum of eight pitches, the cutting portion together with the 
length of the collars at each end, fixing the overall length of the hob. 

A typical working drawing for a spur gear hob is shown in 
Fig. 11, and it will be noted that the cutting portion is made parallel 
along the whole length. 

The same hob can be used for cutting spiral or helical gears 
providing that the normal pitch and normal pressure angle of the 
hob is the same as the normal pitch and normal pressure angle of 
the gear. . a 

For large production of spiral or helical gears, however, it is 
advisable to introduce a slight taper on the leading end of the hob, 
and as the hob should also be made the same hand as the gear, 
two hobs are necessary for left and right hand gears. 

The leading ends for right and left hand hobs are opposite 
in relation to the direction of cut generally as shown in Figs. 12 
and 13, Fig, 12 showing a right hand hob for right hand gears, 
and Fig. 13 a left hand hob for left hand gears. 

The taper at the leading end is usually made about 15° to 20° 
the depth of the taper being approximately equal to the cutting 
depth of the hob tooth. 

The reason for the taper is that a stronger tooth is presented 
to the work at the commencement of the cut, thus preventing the 
hob teeth from being broken. 


DIRECTION OF CUT DIRECTION OF CUT 


FIG. 13. LEFT HAND HOB FOR 
FIG. le. RIGHT HAND HOB FOR LEFT HAND GEARS. 


RIGHT HAND GEARS. 
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Finishing Hobs. 


Finishing hobs should be made as large in diameter as the 
machine and component will allow, and they should also be made 
single thread. 

Using a single thread hob, one ring of teeth will completely 
generate one gear tooth, and as the hob is provided with gashes 
each gash is presented in a different position relative to the gear 
tooth, thus completely generating the involute tooth form. 

To obtain a clear picture of the hob and its function, it should 
be imagined that the hob is a worm in mesh with a spur gear, and 
that the hob is swung over, normal to the teeth of the spur gear. 

That being the case the hob is made the same normal pitch 
as the spur gear, and as the normal pitch of the gear is equivalent 
to the circular or transverse pitch the normal pitch of the hob 
should be identical. 

The same rule applies to the pressure angle of the hob, namely, 
the normal pressure angle of the hob should equal the normal or 
transverse pressure angle of the gear to be cut. 

For spiral or helical gears the normal pressure angles of both 
hob and gear should be identical, although in some instances both 
for spur and spiral gears the hob can be made a different normal 
pitch to the gear. 

In any event the relative values of the hob and gear should 
satisfy the following equation :— 

Pn cos Pn = Pane cos ne 

when ~, = normal or transverse pitch of gear 
a normal or transverse pressure angle of gear 
Pac normal pitch of hob 

nie normal pressure angle of hob or cutter 
and it should be specially noted that this formula can be applied 
to any involute generating cutter. 

In manufacturing the hob, however, the axial pitch ~,, is used, 
or in the case of multiple thread hobs, the lead, and this value 
depends upon the helix angle of the hob threads. 

It is therefore essential to layout the end view of the proposed 
hob as shown in Fig. 14 before any calculations affecting the helix 
angle and axial pitch, are made. 

Assuming that the outside diameter and size of bore have 
been fixed, the full depth of the hob tooth is set off from the outside 
diameter and a trial gash set out in the manner shown. 

It is advisable to have as many gashes as possible without 
making the hob teeth too weak, and after deciding upon the number 
of gashes, the cam used for relieving the hob teeth can be obtained 
by setting out a small triangle as shown in figure. ‘ 

The cam used should be such that the angle or top rake is about 
10° and if the distance G is obtained from the end view layout 
of the hob, the nearest cam available can easily be determined. 


toi 
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B (8° To 10%) 


0-030 TO 0:00 (r) 


(8° to “ 


(B+A+C) 


fe, ep 
ra Se wg ea 
CONSTRUCTION POINT ~~ | 


FIG. 14 LAYOUT OF GASHES FOR 
SPUR GEAR HOB 


After fixing the number of gashes and the cam relief, the 
distance from the root of the gash to the keyway (if a bored hob 
is being used) should not be less than 0-180 depending of course 
on the size of the hob. The value given would be suitable for 
a hob 10 DP pitch, and if it is not possible to obtain this minimum, 
then a solid type shank hob will be necessary. 

The depth of gash should also be specified and this can be 
obtained from the layout or calculated. 

If calculated, the gash depth will be equal to 

B+At+e+Cr+r?r 


when B = hob addendum or gear dedendum 
! = hob dedendum or gear addendum 
¢ = hob cutting clearance 
C = cam relief 


r radius of gashing cutter 
the cutting depth of the hob being equal to (B + A). 


Teoth Form. 


Theoretically the normal section of the hob tooth should be 
slightly convex, the exact shape being obtained from the involute 
on the end of transverse plane of the hob, and checked by the same 
method as used for a module system involute worm as described 
in Chapter I. 

The involute on the transverse plane is not apparent however, 
due to the small helix angles employed for spur gear hobs, and is 
further complicated by the presence of the gashes, and cam relief. 
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v0 

As a compromise, and also to assist manufacture, the hob tooth 
on the normal plane Section A.A., Fig. 11, is made with straight 
sides, and providing that the hob is made as large as possible in 
diameter, and single thread, thereby keeping the helix angle as 
low as possible, the slight error in hob tooth shape is of no account. 

To obtain the necessary particulars for manufacturing the hob 
we proceed as follows :— 


Given O 
Then D = O — 2B 
when O- = outside diameter of hob 
D = pitch diameter of hob 
B = addendum of hob or dedendum of gear 
t 
and si 4 ee. 
and sin ¢ oS 
when ¢ = helix angle of hob 
gn = normal pitch of hob in inches 


number of threads 
Note.—Given the pitch in terms of diametral pitch for a spur 
gear, or the normal diametral pitch for a spiral or helical 


gear, 
p “~ inches 
n = DP 
from which 
_ _Ppr 
Pa cos 
when f, = axial pitch of hob 
and L = fal 
when L-~ = _ lead of hob 


The gashes are produced at right angles to the hob thread in 
the majority of cases and it is therefore necessary to specify the 


lead of gash, or spiral. 

This lead is used on the hob sharpening machine each time the 
hob is sharpened and the value should therefore be etched on the 
hob. For hobs under one degree helix angle it would be in order 


to make the hob with straight gashes, 7.e., parallel to the hob axis. 


Let S = lead of gashes or spiral 
then S = Dacot¢ 

and @ = 90°—¢ 

when 6 = gash angle 


The amount of top relief can be calculated when the size of cam 
to be used is known and from the top relief the side relief can be 
obtained and although this value is not used for manufacture it 
is advisable to know how much side relief is present, should the 
hob show any signs of rubbing on the flanks. 
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CN 
Dazcos¢ 


top relief angle 

cam relief in inches 

number of gashes — 

pitch diameter of hob 

helix angle of hob 

tan y%, tan B 

side relief angle 

normal pressure angle 

top relief angle 

To check the hob tooth flanks on the assumption that they have 


straight sides on the normal plane, i.e., for finishing hobs having 
small helix angles, it is necessary to calculate the axial pressure 


angle ya 


Then tan B 


lt 


= 

a 

oO 

=) 

8 
Houebu ee weo 


tan dn 
cos 
This angle is correct when no relief has been machined on the 
hob teeth, and due to this relief the axial pressure angle is slightly 
different on each side of the hob tooth, being greater on the leading 
side and less on the following side by equal amounts. 
Thus : 


when tan pa 


sec 
tan 8 
as cot %, — tan B tan ¢ 
and tan gap cl de 


cot #, + tan B tan ¢ 


when y,, = axial pressure angle leading side 
ab = axial pressure angle following side 
= helix angle of hob 
vj, | = normal pressure angle 
B = top relief angle 


To measure the hob tooth flanks in the same manner as used 
for an involute worm it is necessary to calculate the base diameter 
and base lead angle of the hob and referring to Fig. 15. 


cos dp = cos %, cos d 


when ¢p base lead angle or the helix angle on the 
base diameter of the hob 
wa, = normal pressure angle 
¢ = helix angle of hob 
from which the base diameter of the hob is equal to 
D ae ee 
7 tan dp 7 


~~ 
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when 


D, = base diameter of hob 
L = lead of hob 
dp = base lead angle 


Do (BASE DIAMETER) 


| ora 


PLANE ON WHICH 
ANGLE $4 1S 
MEASURED 


FIG.15. MEASURING HOB TOOTH FLANK 
USING BASE DIAMETER AND 
BASE LEAD ANGLE. 


Tip Relief, 
On finishing hobs it is sometimes found necessary to design the 


hob tooth flanks to remove the tips of the gear tooth to be cut. 


This is termed tip relief, and it is usually expressed in terms of 
the distance down the flank (a) and the amount (b) to be removed 
from the extreme tip of the gear tooth as shown in Fig. 16. 


- THEORETICAL SHAPE 
HL SHEWN FULL 
a 


FIG. 16 TIP RELIEF ON 
GEAR TOOTH 


Tip relief should, however, be avoided wherever possible as it 
is very expensive, due to the fact that different hobs are required 
for gears having different numbers of teeth, even when the gears 
are the same pitch and pressure angle. 
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ROUNDING OR TIP RELIEF 
N HOB TOOTR TO COMMENCE 
HERE. 


FIG. 17. TIP RELIEF ON Hog 
TOOTH. NORMAL PLANE 


| 


To provide definite tip relief on the hob, the hob tooth is 
thickened up in the roots and referring to Fig. 17 


¢a, = normal pressure angle of gear to be cut 
Yno = pressure angle of gear at the outside diameter O. 
D = pitch circle diameter of gear 
O = outside diameter of gear 
A = addendum of gear 
f = distance from hob pitch line to commencement of 
tip relief on hob tooth 
D cos Ba 
cos Boo = a 
i = Pao a= Bn 
distance c = O/2 (1 — cos a) 
distancee = A—c 


then distance f = e — a (referring to Fig. 16) 

The above method can be used for rack generating cutters for 
spur gears in addition to hobs, and can also be used for spiral and 
helical gears substituting D by the virtual pitch circle diameter Dy. 
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Example. 
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Based on the foregoing, calculations have been made for a spur 
gear hob suitable for cutting a gear 10 DP pitch 20° pressure angle. 


From the layout of the machine selected we can use a hob 
3-000 outside diameter, 3-000 long with 1-250 bore. 


Then O 
Pn 
Yn 
and D 
sin ¢ 
Pa 
Ts 
6 
tan £B 
tan La 
tan yb, 
tan daa 


Io we te ued ll oll ode do wel I I fou we uel 


ll 


3-000 
10 DP (0-31416) 
20° 
3-000 — 2 x 0-116 
2-768 
0-31416 x 1 
2-768 x 7 
2° -- 04’ — 13” 
0-31416 
0:31436 
0-31436 x 1 
0-31436 
2-768 x 3-1416 x cot 2° — 04’ — 13” 
240-98 
say 240 inches 
90° — 2° — 04’ — 13” 
87° — 55’ — 47” 


0-125 x 14 
2:768 x 3-1416 x cos 2° — 04’ — 13” 
0-20138 
11° — 23’ 


tan 20° x tan 11° — 23’ 
0:36397 x 0:20138 
0-07320 
4° -- 12’ 
tan 20° 
cos 2° — 04’ — 13” 
20° = 00’ — 41” 
sec 2°—04’—13” 
cot 20°—tan 11° 23’ x tan 2°-—04’— 13” 


1-0007 
2-7475 — 0-00727 
0-36519 


20° — 03’ — 41” 
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1-0007 

2:7475 + 0-00727 
0-36325 
19° — 57’ — 49” 
cos 20° x cos 2° — 04’ — 13” 
0-93907 
20° — 6’ —0 

0-:31436 
tan 20° — 6’ x 3-1416 
0-2736 


tan thay 


ll 


cos hy 


io woud 


2, 
ie} 
| 


ll 


Roughing Hobs, 


Roughing hobs should only be used for medium and coarse 
pitch gears, as in the case of fine pitch gears it is possible to com- 
plete the gear cutting operation in one cut using the finishing hob. 


Roughing hobs are usually made with multiple threads to 
speed up production, a triple thread hob being used for medium 
pitches and a double thread hob for course pitches. 


gi 


FIG. 18. SHEWING POSITIVE FRONT 
RAKE ON ROUGHING HOB. 
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These hobs do not generate a very accurate tooth profile 
especially-if the tooth flanks on the normal plane are made with 
straight sides, but as an allowance has to be made for finishing, 
the slight error produced is thus eliminated. 


The amount left on the circular tooth thickness of the gear 
varies of course with the pitch, but an allowance of 0-030 for 8 DP 
up to 0-060 for 2 DP gears will be found satisfactory. 


The main difference between a roughing hob and a finishing 
hob apart from the points mentioned is that a positive front rake 
or relief of 5° to 10° is introduced, generally as shown in Fig. 18. 


The angle of rake incorporated in the design is important, and 
the value in degrees should be engraved on the hob to ensure that 
it is sharpened correctly. 


This is due to the fact that by introducing a positive front 
rake it necessitates a slight increase to the normal pressure angle 
of the hob y%,, and the increased value must be used for all sub- 
sequent calculations as used for finishing hobs. 


The first step therefore after fixing the amount of front rake 
is to calculate the new value for the normal pressure angle of the 
hob, then 

Let da 


nh 


$ 


then tan fon = tan Yn (sae) 


The introduction of front rake also complicates the measurement 
of the hob tooth with a pair of gear tooth verniers, and by referring 
again to Fig. 18 


normal pressure angle of gear 

normal pressure angle of roughing hob 
top relief angle of hob 

front relief angle of hop 


iow et 


B = addendum of hob 


then height setting of vernier measured on cutting edge will equal 
133 sec ¢, and the thickness setting will equal 


nominal hob tooth thickness — 2 (B tan ¢ tan oc) 
when tan cc = tan tan tan B 
” , o = Side relief angle of hob 
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CHAPTER IV. 
GEAR SHAPER CUTTER DESIGN FOR WORMS AND SCREWS, 


Gear shaper cutters are used for cutting worms and acme 
threads of low lead angles on machines specially designed for the 
purpose. 

Worms for automobile steering gearbox applications are 
specially suitable for this method of production, due to the fact 
that the worm threads are usually made straight sided on the 
axial plane. 

To generate the shape, which is in fact the same shape as an 
acme thread, an involute form cutter is required, the only difference 
between this and a gear shaper cutter for spur gears being found 
in the thread proportions and relief angles of the cutter. 


In Fig. 19 is shown a diagrammatic sketch of the type of machine 
used, the most important factor governing the design of the cutter 
being the wormwheel used in the drive to the cutter spindle. The 
cutter pitch circle diameter must in every case be the same as the 
pitch circle diameter of the wormwheel fitted to the machine, the 
standard wormwheel having 20 teeth of 0-500 circular pitch and 
a pitch circle diameter of 3-183 inches. With this wormwheel 
it is possible to cut the following axial pitches, and in the table is 
also specified the required number of teeth in the cutter. 


Pitch of Cutter 0-100 | 0-125 0-200 | 0-250 = 0-3125 . 0-400 | 0-500 
| 
No. of Teeth | 
5 20 


in Cutter sal so 50 «40 | 32 2 


Other axial pitches may be cut on these machines however, 
providing that a wormwheel of the same pitch circle diameter as 
the cutter is supplied, together with a suitable worm. 

The top and front relief angles of cutters used for generating 
worm threads are 10° and 15° respectively, and to generate the 
correct axial pressure angle, the cutter pressure angle is modified, 
due to the above mentioned relief angles, 


when y% = axial pressure angle of work 
Yo = transverse pressure angle of cutter 
cos 10° cos 15° 
then tan Ute = tan ba (Seas) 


Note.—when y, = 14° — 30’ wwe = 15° — 11’ 
A nominal amount of 0-050 is added to the front face of the 
cutter as a sharpening allowance from the true section of the cutter 
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FIG. 19. DIAGRAMMATIC SKETCH 
OF THREAD GENERATING 
MACHINE CUTTER 
SPINDLE DRIVE 
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(this amount being included in the calculations), and when sharpen- 
ing the cutter the front angle face of 15° is only ground, in the same 
manner as a spur gear shaper cutter. 


Before designing a cutter of this type it is essential to have 
full particulars of the worm thread proportions on the axial plane 
as shown in Fig. 20, in addition to the usual specification layout 
of the machine to be used. 


The cutter should be made the same hand as the threads to 
be cut, the cutter particulars being calculated as follows :— 


when Z, 
De 

Doc 

Pte 
a 


oo 


PAT SA D WOE 


ity 


War at 
2 io] 


= 
< 


ss 
re) 
5 


= 


Q 


O +S 


° 


then 


a 


iS 
é iS 
i=} 


when tan 


toi ddd dt db depth i an 


Iibod dope deg 


number of teeth in cutter 

pitch circle diameter of cutter 

base circle diameter of cutter 

pressure angle of cutter 

axial pressure angle of worm threads 
outside diameter of cutter 

addendum of cutter on O, 

dedendum of cutter 

addendum of worm threads 

dedendum of worm threads 

axial thickness of worm thread on d 
pitch circle diameter of worm. 

axial pitch of worm 

sharpening allowance 

circular thickness of cutter tooth 
normal chordal thickness of cutter tooth 
normal chordal addendum of cutter tooth 
virtual pitch circle diameter of cutter 
normal circular thickness of cutter tooth 
half angle subtended by fen on diameter Dey 
correction factor 

lead of cutter 

spiral angle of cutter 

number of threads in worm 


D, + 2 (b+y tan 10°) when y = 0-050 
(Pa — ta) + 2 (y tan 10° tan Wee) 


t, COS de : 
pat Note—¢ze is equal to the helix angle 

of worm and the spiral 
da angle of the cutter. 

- D,. 7 

~~ tan de 

= b+~y tan 10° 

= De cos te 
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_The cutter teeth are measured on the normal plane using a 
pair of gear tooth verniers and given fen. 


: ton 
6, tadians = —“ when one radian = 57-296° 
and 

Dow => Ds 

cos? de 

tee = sin @, Dey 

- D..: 

vi = (1 — cos 4) 
then Bono = f + Bo 


When checking the accuracy of the tooth profile a base disc 
corresponding to the base circle diameter Do, is used in the same 
manner as that described for spur cutters, and the diameter of the 
pitch block required for grinding the tooth profiles of the cutter 
is obtained by using the same formula as that used for helical 
cutters. 


Example. 


The cutter particulars for a gear generating cutter to cut a 
worm 0-250 axial pitch single thread right-hand; 14° — 30’ axial 
pressure angle, 2-000 pitch diameter, with straight side flanks on 
the axial plane are given below, and shown in Fig. 21 in the form 
of a working drawing. 


a = 0-0796 
b = = 0-0921 
pa = 0-250 
ts = 0-124 
then Z, from table = 40 
95 
tan go = SROXT _  y.03978 
2-000 x 7 
= 2° —17' 
D, = 3-183 (same as wormwheel) 
then EL, = 22S - ose 
0-03978 
= 254 inches 
O, = 3-183 + 2 (0-0921 + 0-05 tan 10°) 
= 3-3848 
te = (0-250—0-124) +2 (0-05 tan 10° tan 15°—11’) 
= 0-1308 
Bo = 0-921 + 0-0050 tan 10° 
= 0-1009 
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Doe = 3-183 cos 15° — 11’ 
= 3-0718 
bes = 00-1308 cos 2° - 17’ 
0-1307 
3-183 
cos? 2° = 17 
3-188 
0-1307 
3-188 
= 2 20’. st” 
bee = 3188 sin 2° - 20° ~ 54” 
= 0(-1306 
3-188 
2 
= 0-0013 
Boe = 00013 + 0-1009 
- ():1022 


To find the diameter of pitch block used to profile grind the 
-cutter profiles shown in Fig. 21 when 


De. = 


6, radians = 0-04099 radians 


Do. = 30718 and LL, = 253-8 inches 
tan B,, 2 __253°8 = 26-300 = 87° = 49” 
a x 3:0718 
Br, - 20° = angle of wheel head spindle 
cos f, = eo 
*: . cos 20° 
tan 20° . — 
mine 2 = 0904088 = 20° ~ 01 
peat ae sin 87° 41 
1), = 3:0718 sec 20° Ol’ 
= 3-2693 
D, = 32693 0-010 when tape thickness = 0-010 


3-2593 
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List of A.E.S.D. Data Sheets. 


Safe Load on Machine-Cut Spur Gears. 
Deflection of Shafts and Beams 
Deflection of Shafts and Beams (Instructicu Sheet) \ Connected. 
Steam Radiation Heating Chart. 
Horse-Power of Leather Belts, etc. 
Automatic Brakes (Axle Brakes) 
Automobile Brakes (Transmission Brakes) } Connected. 
Capacities of Bucket Elevators. 
vanes. Angle Guu for Iioppers and Chutes. 
afts up to 5}-in. diameter, subjected to isti i 
en Bending ana Twisting. 4 ee caogcomenacd 
afts, 53 to 26 inch diameter, subjected to Twisti i 
Bending and Twisting. : ha an So ah a 
Ship Derrick Booms. 
Spiral Springs (Diameter of Rd. or Sq. Wire). 
Spiral Springs (Compression). 
Automobile Clutches (Cone Clutches). 
se Fi (Plane Clutches). 
Coil Friction for Belts, etc. 
Internal eaten eo Self-Balancing Brake 
Shoes (Force Diagram 
Internal Expanding Brakes. Angular Proportions aoe 
for Self-Balancing. % 
Referred Mean Pressure Cut-Off, etc. 
Particulars for Balata Belt Drives. 
} Square Duralumin Tubes as Struts. 
1” 


J” Sq. Steel Tubes as Struts (30 ton yield). 


t" o ” ” (30 ton yield). 
Ny my » (30 ton yield). 
rey ” a ” (40 ton yield). 
$" ” ” ” (40 ton yield). 


iD A » (40 ton yield). 
Moments of Inertia of Built-up Sections (Tables) 
Moments of Inertia of Built-up Sections (Instructions Connected. 
and Examples) 

Reinforced Concrete Slabs (Line Chart) C 
Reinforced Concrete Slabs (Instructions and Examples) \ onnected. 
Capacity and Speed Chart for Troughed Band Conveyors. 
Screw Propeller Design (Sheet 1, Diameter Chart) 

Bi af Pe (Sheet 2, Pitch Chart) Connected. 

= BS x (Sheet 3, Notes and Examples) 
Open Coil Conical Springs. 
Close Coil Conical Springs. 
Trajectory Described by Belt Conveyors (Revised 1949). 
Metric Equivalents. 
Useful Conversion Factors. 
Torsion of Non-Circular Shafts. 
Railway Vehicles on Curves. 
Chart of R.S. Angle Purlins. 
Coned Plate Developments. 
Solution of Triangles (Sheet 1, Right Angles), 
Solution of Triangles (Sheet 2, Oblique Angles). 
Relation between Length, Linear Movement and Angular Movement 

of Lever (Diagram and Notes). 

» ” 7 ” oD o (Chart). 
Helix Angle and Efficiency of Screws and Worms. 
Approximate Radius of Gyration of Various Sections. 
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Helical Spring Graphs (Round Wire) 
” » » (Round Wire) Connected. 
ag 5 a (Square Wire) 
Relative Value of Welds to Rivets. 
Ratio of Length/depth of Girders for Stiffness. 
Graphs for Strength of Rectangular Flat Plates of Uniform Thickness. 
Graphs for Deflection of Rectangular Flat Plates of Uniform Thickness. 
Moment of Resistance of Reinforced Concrete Beams. 
Deflection of Leaf Spring. 
Strength of Leaf Spring. 
Chart showing Relationship of Various Hardness Tests. 
Shaft Horse Power and Proportions of Worm Gear. 
Ring with Uniform Internal Load (Tengential Strain) 
Ring with Uniform Internal Load (Tangential Stress) Connected. 
Hub een on to Steel Shaft. (Maximum Tangential Stress at Bore 
of Hub). 
Hub Pressed on to Steel Shaft. (Radial Gripping Pressure b 
Hub and Shaft). ye ois 
Rotating Disc (Steel) Tangential Strain 
‘s 3 a 5 Stress \ Connected. 
Ring with Uniform External Load, Tangential Strain 
Dr ” ” » » tress } Connected. 
Viscosity Temperature Chart for Converting Commercial 
to Absolute Viscosities. 
Journal Friction on Bearings. Connected. 
Ring Oil Bearings. 
Shearing and Bearing Values for High Tensile Structural 
Steel Shop Rivets, in accordance with B.S.S. No. 
548/1934. 
Permissible Compressive Stresses for High Tensile Connected. 
Structural Steel, manufactured in accordance with 
B.S.S. 548/1934. 
Velocity of Flow in Pipes for a Given Delivery 
Delivery of Water in Pipes for a Given Head \ Connected. 
(See No. 105). 
Involute Toothed Gearing Chart. 
Steam Pipe Design. Chart showing Flow of Steam through Pipes. 
Variation of Suction Lift and Temperature for Centrifugal Pumps. 
Nomograph for Uniformly Distributed Loads on British 
Standard Beams. 
” op ” ” ” 


” nO ” » ” Connected. 
Notes on Beam Design and on Use of Data Sheets, Nos. 
84-5-6. : 


Curve Relating Natural Frequency and Deflection 

Vibration Transmissibility Curve for Elastic Suspension 

Instructions and Examples in the Use of Data Sheets, Jona. 
Nos. 89 and -90. 

Pressure on Sides of Bunker, 


93-4-5-6-7. Rolled Steef Sections, 


98-99-100. Boiler Safety Valves. 


101, 
102. 
103. 
104. 
105. 


Nomograph Chart for Working Stresses in Mild Steel Columns, 
Pressure Required for Blanking and Piercing. 

Punch and Die Clearances for Blanking and Piercing, 

Nomograph for Valley Angles of Hoppers and Chutes. 

Permissible Working Stresses in Mild Steel Struts to B.S. 449, 1948, 


(Data Sheets are 3d to Members, 6d to others, post free.) 


Orders for Pamphlets and Data Sheets to be sent to the Editor, The 


Draughisman, cheques and orders being crossed “A.E.S.D.” 


